In order to characterize further the minialbumins (molecular weight 5,000 to 20,000) found in cadmiumpoisoned men and animals, the tryptophan content of albumins found in the serum and urine of cadmium-poisoned monkeys was measured by two methods and compared with that of serum albumin (molecular weight 66,ooo) of normal animals. Normal serum albumin of the monkey was found to contain 2 residues of trytophan per molecule of the protein, whereas all albumins in the poisoned monkeys, whether of normal size or low-molecular weight, contained less tryptophan, this amino acid being absent entirely in the minialbumins of both serum and urine. Serum albumin of the usual molecular weight (66,ooo) in the cadmium-poisoned monkeys contained approximately 30% less tryptophan than its normal counterpart in untreated animals.
In recentpublications (Kench, Gain, and Sutherland, I965; Kench and Sutherland, i966), we have described an abnormal albumin-and termed it minialbumin-isolated from both the urine and serum of men and animals chronically poisoned with cadmium chloride. We have suggested that this low-molecular weight albumin comprises a mixture of polypeptides, ranging in molecular weight from 5,ooo to 20,000, which is formed by fragmentation of the normal albumin molecule (Kench and Sutherland, I966) , which has a molecular weight of 66,ooo. On Ouchterlony plates, minialbumins exhibit antigenic identity with albumins of normal molecular weight.
The amino acid composition of minialbumin is closely similar to that of normal albumin, the only significant differences we have observed in previous work being less lysine and cystine in the smaller protein. As normal albumin consists of a single chain containing approximately 575 amino acid residues (Potgieter, Hines, and Kench, in preparation) and only one or two residues of tryptophan, this comparative study of the tryptophan content of the two albumin species was carried out in order to seek further clarification of the relationship between them.
Experimental and Results
Preparation of Proteins Albumins were separated from the serum and urine of normal and cadmium-poisoned monkeys, as already described (Kench and Sutherland, I966) , either by the trichloracetic acid-acetone method of VallanceOwen, Dennes, and Campbell (1958) Kench and Elizabeth M. Sutherland while the DMAB colour method gave 95 6 ± 4-I% (S.D., n = 6). The mean percentage recovery of free tryptophan added to normal monkey albumin was 83-2 ± I 9 (n = 3). In order to ascertain whether free tryptophan present in the serum might become adsorbed on albumin during the preparative procedure, and perhaps thereby vitiate the observations, varying quantities of tryptophan were added to the serum before albumin was prepared from it. As shown in Table I , added tryptophan had no significant effect on the quantity of the amino acid found in the protein. This experiment was made on poisoned-monkey serum using the DMAB colour method of measurement.
The direct effect of cadmium on the analysis was studied by addition of cadmium chloride to the serum of a normal monkey before albumin preparation, in the concentration that is found in a monkey immediately following intravenous injection of 6 mg. cadmium (i.e., 24 ,ug. cadmium/ml. serum). Measurements were made by the DMAB method.
The results are presented in Table II.   TABLE II   Sample  Tryptophan Residues  per mole Normal monkey serum albumin .. I-73, I-78 Normal monkey serum albumin with added cadmium ..
..I-65
It is evident that cadmium ions have no direct effect on the analytical procedure.
The numbers of tryptophan residues in the various albumins, as determined by both analytical procedures, are given in Table III .
Discussion
From the results obtained, it appears that normal monkey albumin contains two residues of trypto- *Each value is the mean of three to six determinations on three normal or on three poisoned monkeys and is corrected for recoveries, already described.
Normal and mini refer to molecular weight only-all the albumins prepared from cadmium-poisoned monkeys are abnormal in their content of tryptophan.
phan per molecule of albumin. Bovine serum albumin (Ramachandran and Witkop, i959) and canine plasma albumin (Tristram and Smith, 1963) have likewise been shown to contain two residues per mole, but there is still controversy as to whether there are one (Ramachandran and Witkop, 1959;  Spahr and Edsall, I964) or two residues (Beaven and Holiday, 1952) (Kench and Sutherland, I966) or in both. Since minialbumins so far studied by Ouchterlony (I962) techniques all give the reaction of identity with albumins of normal molecular weight, when run against antisera prepared against the latter, it is clear that, as far as the precipitin reaction is concerned, antigenic sites in the various albumins do not include the tryptophan residues nor the segment or segments of the molecule, rich in lysine and cystine, in which tryptophan may be located. This work is continuing, our aim being, by more detailed analytical study, to characterize the minialbumins more thoroughly and thereby to define more precisely the biochemical lesions induced by cadmium ions.
